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Electrical apparatus having an actuator 



The invention relates to an electrical apparatus having an actuator including at 
least two permanent magnets and at least one electrical coil which is movably supported by 

means of a swing arm. 

An actuator having a moving coil is known from the document 
US 5,459,359. It has a permanent magnet facing a ferromagnetic yoke. The two elements are 
held together by a synthetic-resin housing. A coil can oscillate in a parallel mode in the gap 
between the magnet and the yoke. For this purpose, the coil is pivotably supported with the 
aid of an arm. The oscillations of the coil are controlled by the current fed though this coil 
and serve for driving electrical appliances. 

It is an object of the invention to improve the efficiency of an actuator of the 
type defined in the opening paragraph and, at the same time, to minimize the emergence of 
magnetic stray fields to the environment of the actuator. 

According to the invention the object is achieved in that in an electrical 
apparatus having such an actuator including at least two permanent magnets and at least one 
electrical coil which is movably supported by means of a swing arm, which coil is arranged 
to be traversed by magnetic fields of the permanent magnets, this actuator has a cage, which 
encloses the coil and the permanent magnets, as a closed magnetic return path. 

The substantially perpendicular passage of flux through the coil in conjunction 
with the magnetic return via the iron path of the cage enables a particularly efficient 
operation of such an actuator because the air gap in the magnetic circuit is very small. 

The embodiment as Wmed in claim 2 ensures that, as a resuh of the return 
path which is formed by a ferromagn^c metal, such as soft-iron and which encloses the coil 
and the magnets, only a small portion o^he magnetic stray field can emerge from the gap 
between the cage, the coil and the magnets 

The embodiment as defined ^claim 3 enables a simple and direct 
transmission of the reciprocatory oscillating Movement to a device or load to be driven. It 
does not require a transmission gear as in the caSe of an electric motor. Thus, a vibrating 
shaving head can be driven directly. This provide^an efficient and low-maintenance drive. 
Moreover, it enables the oscillation properties of theVctuator to be varied easily. The coil is 
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secured to one end oKthe swing arm, the load to be driven being secured to the other end. The 
torque of the actuator and the oscillation frequency of the actuator can be influenced in 
" accordance with the rati^ between the distances of the coil and the load to be driven from the 
pivot. 

Claims 4 anAS define a possibility of how to cause the swing arm to return 
automatically to the center poBition upon excursions to either side. For this purpose, a torsion 
spring may be arranged aroundVhe pivot, which spring has one end connected to the swing 
arm and its other end to the housing of the actuator. This provides a permanent return force 
for the excursions of the swing anrL Alternatively, the swing arm may be preloaded by means 
of two lateral blade springs, which ale preferably secured to the load. Thus, it is possible to 
attain a higher preload than with the to^^sion spring but the construction is slightly more 
complicated. 

The embodiment as define^ in claim 6 enables larger amplitudes of the swing 
arm to be obtained, without more room bei^g required by the arrangement. For this purpose, 
the sector-shaped magnetic circuit is arranged so as to be 180° rotated with respect to the load 
or device to be driven, as a result of which the load is now disposed at the outside of the 
sector. In addition, the swing arm is divided intoVvo parts, each of the two parts being 
mounted on a pivot. The two swing arm parts being^ linked via a pivot, which in addition is 
arranged so as to be movable in a longitudinal direction in at least one of the swing arm parts. 

The embodiment as defined in claim 7 {urovides an alternative to mounting of 
the swing arm with the coil by means of pivots. In the pi^sent case the sv^ng arm consists at 
least partly of a blade spring, which can be deflected by tfte coil secured to one of its ends. 
Such an arrangement does not have any rotatable parts and\^an be manufactured particularly 
cost-effectively. 

The embodiments as defined in claims 8 and 9 iJtovide a further reduction of 
the basically low electromagnetic emission by the coil, through which an alternating current 
flows, and the magnetic stray field of the permanent magnets. Thus^ it is also possible to 
adhere to more stringent future limits without any problems. 

The embodiment as defined in claim 10 makes the said advantageous suitable 
for use in an electric shaver, which enables said shaver to be of a particularly cheap and 
robust construction. 



Embodiments of the invention will now be described in more detail, by way of 
example, with reference to the drawings. In the drawings: 
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Fig. 1 shows an actuator in accordance with the invention in plan view; the 
load to be driven is now arranged at that side of the swing arm which is remote from the coil, 
Fig. 2 is a cross-sectional view of the actuator, taken on the line A-A' m 

Fig. 1, 

Fig. 2a is a longitudinal sectional view of the actuator, taken on the line C-C 

in Fig. 1, 

Fig. 3 shows an actuator which drives the load from that side of the swing arm 

which faces the coil. 

Fig. 4 shows an actuator having a two-part swing arm and two pivots. 

Fig. 4a shows the actuator of Fig. 4 in a deflected condition. 

Fig. 5 shows an actuator whose swing arm is mounted on a blade spring. 

Fig. 6 shows an actuator whose swing arm is mounted on a pivot and which is 

returned to its center position via two blade springs, 

Fig. 7 shows an actuator with inclined bounding surfaces of the coil, cage and 



magnets, 



wall. 



Fig. 8 shows an actuator whose cage has an additional shielding wall, and 
Fig. 8a shows the actuator of Fig. 8 with a recess in the additional shielding 



The actuator shown in Fig. 1 consists of a sector-shaped arrangement which 
comprises a cage 4, which is open to at least one side, and two permanent magnets 1,1a 
mounted in its interior. A coil 2 is arranged in the cage 4, which coil can move in the sector 
direction. For this purpose, the coil 2, which has at least one turn, is carried by a swing arm 3 
so as to be pivotable about a pivot 5, which is disposed at the inner side of the sector outside 
the cage 4. In operation an alternating current flows through the coil 2, which current is 
provided either by the mains or by a battery or a storage battery in conjunction with an 
inverter. The two permanent magnets 1, la are oriented in such a manner that their magnetic 
fields pass perpendicularly through the tum(s) of the coil 2. The juxtaposed permanent 
magnets 1, la are arranged oppositely, in such a manner that always a north pole is disposed 
adjacent a south pole. The magnetic flux circuit is closed by the metal cage 4 via the air gap 
between the coil 2 and the permanent magnets 1, la, and via the air gap between the coil 2 
and the roof of the cage 4. Since the air gaps are very narrow and magnetic fields in them are 
consequently quite homogeneous, this drive is very effective. This is also enhanced by the 
low mass of the coil 2 and the swing arm 3. Figs. 2 and 2a are sectional views through the 
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actuator taken perpendicularly to the magnetic fields. The actuator is mounted in a housing 8, 
which accommodates the cage 4 and the supporting means 5 for the swing arm 3. This 
housing 8 may be a separate housing for the actuator but it may likewise be the housing of an 
electrical apparatus. Instead of in the housing 8 the actuator may be mounted on a moimting 
5 plate situated in the outer housing of the electrical apparatus. 

The load 7 to be driven by the oscillatory movement of the actuator may then 
be arranged on the end of the swing arm 3 remote from the coil 2, as is shown in Fig. 1 . This 
results in small oscillation amplitudes, but as a result of the leverage of the arm 2 a large 
torque is obtained. By contrast, in the situation shown Fig. 3, the load is arranged outside the 
n 10 sector at the outer side near the coil 2. This leads to larger excursions during the oscillatory 

% movement at the load 7 but it reduces the torque. 

*{^- 

fV The actuator shown in Fig. 4 has two swing arms 3,10, which are each 

U pivotable about a pivot 5 or 1 1, respectively. Moreover, the two sv^ng arms 3, 10 are 

€ pivotable about a common pivot 9 and are coupled so as to be slidable v^th respect to one 

^ 1 5 another. This enables an excursion of the coil 2 secured to the swing arm 3, which does not 

Pi 

m drive the load 7 directly. Fig. 4a shows the arrangement in a deflected condition. Since the 

R cage 4 with the magnets 1,1a and the moving coil 2 is arranged between the pivots 5, 1 1 a 

particularly compact and space-saving construction is obtained in conjunction with a 
trapezoidal housing 8. Moreover, such an arrangement makes it possible to obtain a large 
20 torque with small excursions. 

Instead of a swing arm 3 supported on a pivot 5 it is possible to use a shorter 
swing arm 3 in combination with a blade spring 12. As is shown in Fig. 5, the blade spring 12 
has one end secured to the housing 8, the other end carrying the shorter swing arm 3 or rather 
carrying the coil 2 directly. 
25 The arrangement shown in Fig. 6 is a combination of the swing arm 3 

supported on a pivot 5 and the variant with a blade spring 12, but in the present case use is 
made of two blade springs 12, 12a. The two blade springs 12, 12a act upon the load 7 to be 
moved and at the other end they are each connected to the outer housing 8 via fixing parts. 
The load 7 itself is connected to the swing arm 3 via a coupling 7a. Such an arrangement 
30 ensures that the load 7 always moves parallel to the housing 8, which is interesting, for 
example, for its use in a shaver. 

Since magnetic stray fields are produced, it is advantageous to restrain these 
by fiirther shielding. To achieve this, there are various possibilities. First of all, the 
emergence of magnetic stray fields is reduced already in that the metal cage 4 only allows 



PHDE000108 




15.05.2001 



emerging via the thin gap between the coil 2, the cage 4 and the magnets 1,1a. When the 
cage 4, the coil 2 and the magnets 1, la have an outwardly tapered shape as shown in Fig. 7, 
the exit opening becomes smaller towards the outside. However, the arrangement may also 
be given its original shape when the cage 4 has only one opening for the swing arm 3. This 
also reduces the emergence of magnetic stray fields. However, a disadvantage of this 
arrangement shown in Fig. 8 is the reduction of the magnetic field in the air gap. In order to 
avoid this, it is usefiil to leave a small gap 4a in the height direction of the magnets 1, la, so 
that the magnetic field in the air gap is not reduced unnecessarily. 

The spring elements 6, 12 and 12a that are used can perform several functions. 
When they are adjusted to the low movable mass of the actuator consisting of the coil 2 and 
the swing arms 3,5, they add to an increased efficiency. This is particularly so if the moving 
masses and the spring elements 6, 12, 12a operate in a resonant mode. Furthermore, the blade 
springs 12, 12a can also serve as current supply leads for the coil 2, if they are made of an 
conductive material or are coated with such a material. In order to preclude vibrations the 
effective mass of the load should also be adjusted to the movable mass of the actuator. If the 
driven load 7, as is shown in Fig. 1, then moves oppositely to the coil 2 and the swing arm 3 
and the load is disposed in the same plane as the last-mentioned elements, there will be no 
vibrations at all in the ideal case. 



